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(9 Method for preparing substrates for subsequent electroless metallization.

N@ A process for preparing a substrate, e.g.. an
<epoxy printed circuit board, for subsequent metal-
LD lization. Active chemical sites are formed adhering to
X the substrate surface. The substrate s then exposed
mto a vapor of a volatile organometallic compound.
00 which chemically reacts with the active sites and is
decomposed to at least a species of the metal
Nconstituent of the compound. This species adheres
O to the substrate and can be transformed into the free
@, metal which is useful as a seed for subsequent
LLI electroless deposition of a metal thereon. If selective
deposition is desired, a resist masking layer is used
prior to forming the seed layer.
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METHOD FOR PREPARING SUBSTRATES FOR SUBSEQUENT ELECTROLESS METALLIZATION

The present inveniion 1s a method for deposit-
ing a metailic seed layer from a vapor of metal
compound for use in the deposition of metals on a
substrate. for example. in the manufacture of a
printed ¢rrcuit board.

It 1s well known i the art that certain metals
act as seed material for electroless deposition of
other metals. For example. palladium s a well
known seed matenal for electroiess copper depcsi-
ton. Often metal patterns. for example conducting
lines. are formed on printed circuit boards by de-
positing or forming a layer of such metal seed on
the surface of the printed circuit board. followed by
the electroless deposition of a metal forming the
conductor onto the seed layer.

In the art. seed layers have been formed by
~et or (hquid) or dry processes. In a wet process
the surface to be plated is first sensitized. The
sensitized surface is exposed to a hquid which
contains a homogeneous distnbution of a com-
pound or complex of the seed metal The com-
pound reacts with the sensitized surface. The soi-
vent 1s removed and the compound either phys-
ically adheres to the sensitized surface or a spe-
cies of the constituent metal of the compound
adheres to the surface. The compound adhernng to
the surface 1s then transformed to the free metal
adhenng tc the surface. The free metal acts as a
seed layer for subsequent electroless deposition of
another metal. US. Patent No. 4.493.861 to
Sirnyan et al. describes such a wet process for
forming a metal seed layer.

A dry process for depositing a metal seed
tayer is described in U.S. Patent No. 4574095 to
Baum et al. In this process a palladium seed layer
1s formed for the selective electroiess deposition of
copper. A substrate i1s contacted with a vapor of
palladium compound. The compound 1s selectively
wradiated with light to cause selective depositior of
seeds of palladium on the substrate. Copper s
then elecirolessly deposited onto the palladium
seed. Palladium seed s selectively deposited onto
the substrate by first depositing onto the substrate
a resist-type materral which 1s removed by irradia-
tuon with an excimer laser which aiso causes depo-
siton of seeds of palladium onto the iradiated
parts of the substrate. The resist not removed can
be left as a permanent resist which acts as an
‘nsulator between the subsequently electroless de-
cosited copper hnes.

Both of the above approaches have problems.
Wet processes require complex sequences of
chemical steps designed to produce active metallic
species on the surface of a substrate such as an
epoxy glass composite. These processes require
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repeated exposure of the substrate to aqueous
solutions which exacerbate problems associated
with morsture pickup in the spoxy. Mossture pickup
n the epoxy causes plasticizing of the epoxy and
generally lowers its 3lass transition temperature
Also. aqueous solutions generaily contain onic
contaminants which are left on 'ne substrate sur-
face after processing with these solutions. Such
ionic contammnation reduces the resistivity of the
epoxy surface and can result in unwanted leakage
current paths between metal lines on the epoxy
surface Moreover. these wet processes mnvolve
very sensitive chemustry and are prone to failure for
reasons whose orngin are often difficult to deter-
mine and correct. The dry process of the Baum et
al. patent utiizes a laser technique which s com-
plex to implement in a production line operation. as
to do so would require a farge expenditure for
auxthary equipment to step the laser beam across
the prninted circuit board in order to process metat
ines.

It 1s an object of the present invention to pro-
vide a method for deposition onto the substrate
surface from a vapor of a metal compound a spe-
cies of the constituent metal of the metal com-
pound.

it 1s another object of the present invention to
provide an mproved method of seeding a sub-
strate.

These objects are acmeved by a method as
disclosed in claim 1.

It 1s acknowiedged that the chemical reaction
of organometallic compounds with chemically ac-
tive sites. such a acids 1s commonly known in the
art. See for example: Ward. M. D.; Schwartz. J. J.
Am. Chem. Soc 1981. pgs. 5253-5255, Huang.
TN. Schwartz. J.. J. Am. Chem. Soc. 1982. pgs
3244-3245. 1t 1s aiso known in the art that some
organometailic compounds are volatle. See for ex-
ample. McClellan et al J Am. Chem. Soc 1961.
pgs. 1601-1607

The inventive method i1s a dry process for
substrate seeding that uses conventional type tooi-
ing and conventional type process steps. thus
avoiging complexity and high cost.

As used herein. the species of the constituent
metal of the compound means: (1) a chemical
compound of the constituent metal: (2) the constitu-
ent metal n a nonzero oxidation state: or {3} the
constituent metal in the zero oxidation state.

In accordance with a more particular aspect of
the present inventicn, the metallic chemical spe-
cies. if not the zero oxidation state of the constitu-
ent metal. 1s then transformed into the zero oxida-
tion state of the constituent metal which 1s bound to
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the substrate surface. Such a transformation can be
accomplished by thermal decomposition. by
chemical reduction, by exposing the substrate to
atmospheric oxygen. and by exposure of a neated
substrate to atmospheric oxygen. The zero oxida-
tion state metal constituent adhering to the sub-
strate surface 1s useful as a seed layer for elec-
troless deposition by conventional means of the
same metal or another metal.

Palladium is a particularly effective seed metal
for electroless deposition of metals. especially cop-
per. Particularly useful volatile organometallic com-
pounds to practice the described invention are or-
ganopaliadium compounds of which
(cylopentadienyl(allyl)palladium(il) and derivatives
thereof and bis(aliyl)palladium and denvatives
thereof are examples.

In some applications 1t 1s desirable to form the
seed material only on selected regions of the sub-
strate and for this surpose preferably a resist-type
material is used as a mask. A metal will then be
electrolessly deposited only in the seeded regions.
Furthermore, it may also be desirable to leave the
resist in the regions not seeded. Such a permanent
resist can function as an insulator between the
electrolessly deposited metal lines. A process us-
ing a permanent resist is generally less complex
since 1t does not require steps to remove the resist.
and is less costly. Also, with a permanent resist
process defects associated with the process steps
necessary to remove the resist are eliminated, re-
sulting in an improved process yield. However. the
prior art processes for forming seed layers lead to
problems when a permanent resist is to be formed.

In general. prior seeding techmiques for elec-
troless plating of advanced circuit boards involve
deposition of the seed material over the entire
surface of the board pror to application of the
resist. The resist is then imaged and developed to
expose selected seed-covered subsirate regions
where circuitry is desired. The exposed seed re-
gions allow electroless plating of the desired circuit
pattern, but the unexposed seed beneath the resist
must be removed since it is conducting. and will be
a source of electrical leakage current between plat-
ed metal lines. Thus, this approach does not allow
the resist-layer to be left as a permanent resist. 1.e..
as a dielectric layer in the finished board.

in contrast with the prior seeding techniques.
the present invention can use a permanent resist
and avoid the problem of leaving metal seed under
the permanent resist. After a substrate is sensitized
with active chemical sites a resist type material is
deposited onto the sensitized surface and selec-
tively removed. The substrate is then contacted
with a vapor of an organometalliic compound. A
species of the constituent metal of the compound.
the constituent metal in an nonzero oxidation state
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or the constituent metal in the zero oxidation state
adheres to the sensitized surface where the resist
has been removed. The constituent metal species
1s transformed to free metal. Another metal 1s elec-
trolessly deposed only onto the regions of the
substrate to which the seed adheres.

Other advantageous embodiments of the inven-
tive method are disclosed in the subclaims.

The inventive method will become more appar-
ent from the following detailed description taken in
conjunction with the accompanying drawings.

Fig. 1 is a flow chart diagrammatically outlin-
ing the principal method steps for sensitizing and
metallizing a substrate.

Fig. 2 is a flow chart similar to that of Fig. 1.
except that the substrate 1s metallized only In se-
lected areas.

For convenience, the invention will be de-
scribed in terms of preparing a printed circuit
board for electroless deposition of copper onto a
selectively deposited palladium seed layer. How-
ever, it should be understood that the invention
extends to other materials and to many uses other
than printed circuit boards. In general, the invention
is suitable for any use wherein an electrolessly
deposited adherent metal coating 1s applied to a
suitable substrate such as a polymer 1.e.. an epoxy.
a semiconductor, a ceramic or silica gel.

In the practice of this invention it 1s necessary
to provide chemically active sites on a substrate
which is then exposed to a vapor of an or-
ganometallic compound. These sites must react
with the organometallic compound vapor to de-
compose it, at least, to a species of the metal
constituent of the compound. This species must in
turn be capable of being transformed to a zero
oxidation state of the constituent metal or this spe-
cies must be the zero oxidation state of the con-
stituent metal. For the purposes of this invention,
these sites are any type of localized regions of the
substrate, or an entire surface of the substrate
which will react with the organometallic compound
vapor to. cause the desired reaction. Examples of
suitable chemically active sites are acid functionals
and ammonia functionals.

The following will describe a known way for
obtaining chemically active sites on an epoxy of
the type used as a printed circuit board. These
boards often have a copper cladding layer on at
least one surface. This cladding layer is referred to
as a sacrificial copper foil. Such a foil-clad sub-
strate is manufactured by Gould Inc. of Mentor.
Ohio and is marketed as Gould TC FOIL. One side
of the sacrificial copper foil 1s smooth while the
other side. which adheres to the substrate surface.
has a rough texture. The rough side of the copper
foll is usually coated with a material which pro-
motes adhesion to the epoxy, for example chro-
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mate compounds. The rough side of the copper foil
1s faminated with the epoxy imparting to the epoxy
a roughened surface. After subsequent etching of
the copper foil the roughened epoxy surface pro-
wides the surface topography necessary for a sub-
sequent electroiessly deposited metal. such as
copper. tc firmly adhere to the substrate. The sac-
rificial copper foil is etched away by chemicals
such as cupric chloride. CuClz. and fernic chlonde.
FeCls. These chemical etchants do not remove the
chrome compounds from the epoxy surface Ap-
proximatety 17 % of the epoxy surface 1s covered
with chromic acids of a general formula known
the art as H,CrO,. where x and y have varying
values depending on the valence state of the
chrome on. These chrome compounds are acidic
and serve as active chemical sites on the epoxy
surface.

In the present invention organometallic com-
pounds which sublimate to the vapor phase can be
used to provide the vapor which reacts with the
chemically active sites on the epoxy substrate sur-
face. A suitable apparatus and technique for doing
this will now be described.

The substrate with the active chemical sites s
placed in a chamber such as a glass jar or stain-
fess steel jar which has a means to evacuate the
chamber. The pressure in the chamber 1s lowered
below atmospheric pressure for easy sublimation of
the organcmetailic compounds. It has been found
that 0.0133 mbar (0.01 torr) is satisfactory. This
value s exemplary only and 1s not limiting. The
organometallic compound s held in solid form in
another 1solated chamber which 1s connected to the
chamber contamming the substrate. When the cham-
ber contaning the organometallic compound 1s
opened up o the substrate-contaiming chamber. 1t
becomes filled with the organometaliic vapor. The
vapor contacting the substrate reacts with the
chemically active sites

The preferred embodiment of this invention
uses volatile organopalladium compounds to cause
patiadium metal to be deposited on the substrate
as a seed for subsequent electroiess deposition of
copper onto the seed. [t 1s. of course. understood
that the use of organopalladium compounds 18 only
exemplary and 1s not limiting. Other organometalhic
compounds of which the metal constituent s an
effective seed matenai can be used. !t has been
found that the substrate need be exposed to the
vapor for only about 5 - 10 seconds to get a seed
fayer sufficient for in effective subsequent elec-
troless deposition of copper. These tmes are ex-
emplary and not limiting.

The preferred organopailadium compounds are
(cyclopentadienyliyallyl) palladium{ll) represented
by the chemical formula (CsHs)Pd(CsH:) and bis-
(aliylypaliadium(ll). represented by the chemical for-
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mula {C:H:)Pdi(CsH=). Both of these compounds
are volatle Volatile derwvatives of these com-
pounds are also suitable. in derwvatives of these
compounds. all or any combinations of the hy-
drogen atoms of the two organic hgands - the ally!
groups and the cyclopentadienyl grougs - are sub-
stituted for by any orgamc or inorganic sub-
stituents. It 1s only necessary that the compounds
sublimate to a vapor

An organometatic compound useful for forming
a seed layer for electroless deposition of a metal
by the method of this invention must be volatile
and the constituent metal must be active seed for
the metal which 1s electrolessly deposited. Nickel.
copper and palladium are active seed metais for
electroless deposition of a metal such as copper

Nickel carbonyl and diallyimckel(lt) are exam-
ples of volatile organonickel compound useful for
practicing this invention to deposit nickel seed.
Nicke! carbony! 1s represented by the chemical
formula Ni(COQ).. Diallyinickel(ll) 1s represented by
the chemical formula (n*-C:Hz)-Ni(l). A volatite or-
ganocopper compound useful for practicing this
invention 1S coppericyciopentadienyl)-
(triethylphosphine)!s which 1s represented by the
chemical formula 1#°-CsHz) (P{C: H:}:)Culh The
term »* indicates that x carbon atoms of the or-
gamic ligand are bound to the metal. These com-
pounds and volatie denvatives thereof. formed by
substituting all or any combination of hydrogen
atoms with any orgamnc or inorgamc substituents
chemically react in a simiar fashion to the or-
ganopalladium compounds referred to heremnabove.

The deposition of patladium metal from an or-
ganopalladium compound 15 easily effected due to
the inherently weak nature of the bond between
palladium and the orgamc ligands This bond s
weak enough to be broken in a varety of fashions
For instance. organopaliadium compounds can be
easily decomposed nto another species by reac-
tion with an ac:2ic matenal. This usually results in
the formation of a saturated orgamic hgand and a
metal salt which adheres to the surface either
chemicaily. physically. or by other means Com-
plete reduction of the metal does not always occur
with this type of reaction. In this case. the reaction
1s useful to anchor a metal salt to suitably treated
surfaces. A subseguent process step 1S used to
reduce the metal salt to the metal constituent which
adheres either chemically. physically. or by other
ways 1o the surface This metal 1s an effective seed
layer for a subsequent electroless deposition of
another metal such as copper. cobalt. palladium.
mickel, sitver. or gold. The preferred metal for a
printed circuit board 15 copper

The preferred palladium compounds
(cyclopentadienyijyallylypatiadium (1) and bis(allyl)-
palladium(ly possess the organic ligands needed



7 EP 0 298 345 A2 8

for decomposition and appreciable volatility as w~ell

It is not necessary to start with copper ::ad
epoxy to form acid functionals on the s.tstrate
surface. Acid functionals can be formea =r an
epoxy surface by treating this surface with ar ox-
dizing solution such as chromic acid. This resuits
in chromic acid etther chemically or physically ad-
hering to the epoxy surface or the formation of
organic acids at the surface by the oxidation of the
epoxy.

Known organometallic chemistry Is represented
by the following chemical reactions where M repre-
sents the metal species, L represents an organic
hgand, n 1s the number of organic ligands. x 1s an
element from the group fluorine. chlorine. bromine
and iodine. RCO:H represents an organic acid and
Si-OH represents silica gel:

ML, + HX = ML X + LH
ML, + RCO;H - ML,4(RCOz) + LH
ML, + Si- OH — M(Si-O) (L,.1) + LH

Fig. 1 diagrammatically outlines the principal meth-
od steps for sensitizing and metallizing a substrate.
In step 1 active chemical sites are formed on the
substrate surface. The active chemical site is re-
presented in Fig. 1 as AH. where H 1s a hydrogen
atom and A 1s a chemical constituent of the chemi-
cal site which adheres to the substrate surface. In
step 2 the sensitized subsirate is exposed to a
vapor of an organometallic compound represented
by (R-) M:(Rz) where R« and R:; are organic
hgands and M- is the constituent metal. The
chemically active site AH chemically reacts with
the vapor (R-) M- (R:z) to form a species of the
organometallic compound referred to herein as a
species of the constituent metal which 1s repre-
sented by AM-(R:). This species adheres to the
substrate surface. A saturated organic ligand repre-
sented by R«H is a second product of the chemical
reaction. In step 3. the species of the constituent
metal is transformed to the zero oxidation state of
the constituent metal which also adheres to the
substrate surface. The layer M- acts as a catalytic
seed for electroless plating (Step 4) of another
metal Mz onto the seed layer M-.

if the substrate surface sensitized with chromic
acid 1s exposed to (cylopentadienyl)allyl)palladium
it 15 believed that one or both of the following
chemical reactions occurs:

H«CrO, + (C:Hs)Pd(CiHs) — (CsHs)Pd (M. CrOy)
+ CaHs
H,(CI’Oy + (CzHs)Pd(C3Hz) = (CsHz)Pd (Hy.y Croy)
+ CsH;

The palladium salt reaction product adheres to the
substrate surface. The allyl ligand 1s protonated to
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propylene or the cyclopentadieny! ligand is proto-
nated to cyclopentadiene.

If the substrate 1s exposed to a vapor of bis-
(allyl)palladium, the chemical reaction is the same
except that the cyclopentadienyl ligand is replaced
by an allyl ligand. The salt of the organopaliadium
compound adheres to the substrate surface since
the H,., CrO, constituent adheres to the surface.

The organopalladium salt is transformed into
palladium metal of the zero oxidation state which is
the correct oxidation state for the palladium to act
as a catalytic seed for the electroless deposition of
a metal such as copper. This transformation can
occur by chemical reduction, by thermal decompo-
sition or by exposure to atmospheric oxygen. The
preferred embodiment of this invention is to expose
the epoxy substrate to atmospheric oxygen in com-
bination with heating the substrate to a temperature
between 50  C amd 60 C. Heat speeds up the
transformation of the organopalladium salt to pal-
ladium metal.

As described above the substrate was exposed
to the organcopalladium vapor in a glass jar. The
link connecting the solid organopalladium com-
pound to the chamber holding the substrate is then
closed. By means of a stopcock on the glass jar.
the organopalladium vapor is removed and atmo-
spheric oxygen is pumped into the glass jar. The
substrate is then irradiated with a conventional in-
frared lamp to heat the substrate to a temperature
less than the substrate transformation temperature
but preferably in the range of 50 C and 60° C. The
substrate transformation temperature s defined
herein as the temperature at which the substrate
degrades or physically changes, for example the
melting point of the substrate. It is of course under-
stood that these temperatures are exempiary and
not limiting. Any means for heating the substrate
can be used.

After the palladium metal seed is deposited, a
metal such as copper, cobalt, palladium. nickel,
silver, and gold is plated onto the seed by methods
of electroless deposition commonly known in the
art.

Another technique for creating active chemical
sites on the substrate surface 1s to expose the
substrate to an oxygen plasma. The preferred em-
bodiment for this is an oxygen plasma of power
density 0.3 Watts per cm? and pressure 133 Lbar
(00 millitorr). It s of course understood that these
conditions are exemplary and not limiting.

A" epoxy substrate is an organic material. On
exposure to an oxygen plasma active chemical
sites are formed on the epoxy surface. These sites
are a type of organic acid which can be repre-
sented by RCO:H, where R represents an organic
constituent of the epoxy. The COz2H constituent is
acidic and chemically bound to the substrate sur-

_BAD ORIGINAL,
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face. When a surface is sensitized this way an«
then exposed to a vapor of an organopaliadiu:
compound such as (cyclopentadienyhiaity: -
palladium. it :s beheved that one or both of the
fotlowing chemical reactions occurs:

RCO:H + (C:sHs) Pd (CiHs) — (RCO:) Pd (CaH:)
+ C:Hs
RCO:H + (CgHs) Pd (CiHs) — (RCO:) Pd (C3Hq)
+ CszHs

If the substrate 1s exposed to a vapor of bistallyl)
pailadium the chemical reaction is the same except
that the cyclopentadieny! ligand 1s replaced by an
allyl igand The sait of the organopalladium com-
pound is chemically bound to the substrate surface
since the CO:H constituent 1s bound to the surface
The organopailladium sait 1s transformed intc a pal-
ladium seed layer as described above.

Functional sites which interact with an or-
ganometalic vapor can be formed on substrates
other than epoxy substrates. For example. silica gel
has hydroxyl groups (OH) chemically bound to
sthcon atoms at the silica gel surface. These OH
groups act as acidic functional sites with which
vapors of crganopalladium compounds can react to
form the organometallic salt. Referring to the or-
ganic acid example above, the hydrogen atom of
the hydroxyl group at the silica gel surface acts in
the same way as the hydrogen atom of the organic
acid. The palladium metal sait is chemically bound
to the oxygen atom of the hydroxyl group and a
free saturated organic ligand is formed. This sait is
transformed into the palladium metal seed by the
same methods described above.

While the inventon has been described in
terms of forming active chemical sites on silica gel
and organic substrates. such as en epoxy. it will be
recogmized by those of ordinary skill in the art that
active chemical sites. such as hydroxyl groups. can
be formed on other substrate surfaces. such as
semiconductors and ceramics.

It 1s believed that an ammonia plasma will form
active chemical sites on the substrate surface by
imparting nitrogen functionaiities, predominantly
NH-- and NH:-. on the substrate surface which are
chemucally. physically or by other means bound to
the substrate surface. The substrate is exposed to
a vapor of an organopalladium compound. The
ammonta functionality at the surface may form a
coordination compiex with the palladium atom of
the organopaliadium compound. The palladium co-
ordination complex adheres to the substrate sur-
face since the ammonia 1on does. The coordination
complex 1s then transformed to palladium metal of
the zero oxidation state by chemical reduction.
thermal decomposition, exposure to atmosphernc
oxygen or exposure to atmospheric oxygen with
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the substrate at an elevated temperature. A metal.
such as copper. is then plated onto the palladium
metal seed by conventional electroless plating
technmigues.

Fig. 2 diagrammatically outlines one particular
preferred vanation of the present invention. Steps
1. 2. 3 and 4 are the same as mn Fig. 1. The
symbois used in Fig. 1 and Fig. 2 have the same
meanings. Fig. 2 has the additional step 1A which
includes coating the substrate with a resist type
material. such as a photoresist or pc'ymer. after it
1s sensitized with active chemical sites. The resist
15 selectively removed by means commonly known
in the art. Thus. only selected regions or parts of
the sensitized substrate are exposed. When the
substrate 13 exposed to the vapor of the or-
ganometalic compound, in particular organopal-
ladium compounds. deposition of the salt of the
organometallic compound occurs only on the ex-
posed regions. For this purpose. a resist type ma-
terial which does not have active chemical sites,
such as acid functionals. must be used if the resist
1S to remain as a permanent dielectric layer on the
substrate. When the sait of the organopalladium
compound s transformed into palladium metal
seed. the seed adheres to those regions of the
substrate seiectively exposed to the organometallic
vapor. A metal such as copper is then electrolessly
plated by conventional means onto the palladium
metai seed forming metal lines on the substrate
surface Since palladium metal seed is deposited
neither onto the resist nor under the resist there 1s
no undesired resistive path between the copper
metal ines. The resist remaining acts as a dielec-
tric between the deposited copper metal lines.

The resist used to create the copper metal line
pattern does not have to be left as a permanent
resist. After electroless deposition of a metal. such
as copper. onto the selectively deposited palladium
seed. the resist can be removed by methods com-
monly known in the art.

When a nonpermanent resist 1s used. the resist
can be removed prior t0 the electroless deposition
of copper. Plating with the resist pattern on the
substrate results in better quality rectangular
shaped metal lines. After resist removal. a pal-
lachum metal seed pattern 1s left on the substrate
onto which the copper can be electrolessly platec.
in this case the resist matenal could have acid
functional groups. Paltadium metal would be
formed on the resist. However. this would not cre-
ate any undesired effects since, when the resist is
removed. the palladium metal on it would also be
removed.

Riston tregistered Trademark of E. | duPont de
Nemours & Company) photoresist 1s an example of
a r=sist with substantial chromic moiety. After re-
maval of the Riston deposited on a substrate there
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is sufficient acid functionality on the substrate for
effective chemical reaction with an organometallic
vapor. Using this resist. a substrate surface does
not have to be further sensttized with acid func-
tionals In a separate step prior to deposition of the
resist.

It is to be understood that the above described
embodiments are simply illustrative of the princi-
ples of the invention. Various other modifications
and changes may be devised by those skilled in
the art which will embody the principles of the
invention and fall within the spirit and scope there-
of.

Claims

1. A method for preparing a substrate surface
for subsequent metallization comprising the steps
of:
forming active chemucal sites adherent to the sub-
strate surface. said active chemical sites being
capable of decomposing a volatile organometallic
compound exposed to said sites to a species of
the metal constituent of said compound and.
contacting a portion of said substrate surface with a
vapor of said volatile organometallic compound for
a time sufficient to decompose said compound to
sad species. said species adherng to the sub-
strate surface.

2. Method according to claim 1 further includ-
ing the step of transforming said species to sad
constituent metal adhering to the substrate surface.

3. Method according to clam 1 or 2 wherein
said species is said constituent metal.

4. Method according to any one of claims 1 to
3 wherein the constituent metal of said or-
ganometallic compound is selected from the group
consisting of nickel, copper and palladium.

5. Method according to any one of claims 1 to
4 wherein said active chemical sites are selected
from the group consisting of acidic sites and am-
monia functionals.

6. Method according to any one of claims 1 to
5 wherein said organometallic compound is se-
iected from the group consisting of a
(cyclopentadienyl) (allyl)patladium(ll) compound. a
bis(allyl) palladium(ll) compound, a nickel carbonyl

compound. a diallynickel(ll) compound and a
(cyclopentadienyl) (triethylphosphine)  copper(l)
compound.

7. Method according to any one of claims 1 to
6 wherein said substrate is selected from the group
consisting of polymers, epoxies. semiconductors
and ceramics.

8. Method according to any one of claims 1 to
7 wherein said step of contacting a portion of the
substrate surface includes the steps of. prior to
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contacting the substrate surface with the or-
ganometallic vapor. covering the substrate with a
resist-type material and selectively removing said
resist material. where said vapor contacts active
chemical sites only in said exposed portion of said
substrate surface.

9. Method according to any one of claims 1 to
8 further including the step of electrolessly deposit-
ing a metal onto those areas of the substrate to
which said constituent metal adheres.

10. Method according to clam 9 wherein the
electrolessly deposited metal is selected from the
group consisting of copper, cobalt, palladium. nick-
el, silver and gold.
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